Cell-cell communication in plants is essential for the correct co-ordination of reproduction, growth, and development. Studies to dissect this mode of communication have previously focussed primarily on the action of plant hormones as mediators of intercellular signalling. In animals, peptide signalling is a well-documented intercellular communication system, however, relatively little is known about this system in plants. In recent years, numerous reports have emerged about small, secreted peptides controlling different aspects of plant reproduction. Interestingly, most of these peptides are cysteine-rich, and there is convincing evidence suggesting multiple roles for related cysteine-rich peptides (CRPs) as signalling factors in developmental patterning as well as during plant pathogen responses and symbiosis. In this review, we discuss how CRPs are emerging as key signalling factors in regulating multiple aspects of vegetative growth and reproductive development in plants.
Introduction
Plants are sessile organisms that have to respond to a constantly changing environment, whilst having to coordinate their growth and development. To cope with such demands, plants rely on a range of long-and short-range cellcell communication mechanisms. Although most cell signalling research in recent years has focused primarily on the role of plant hormones as long-distance signalling molecules (Wolters and Jurgens, 2009) , numerous examples are emerging of plant peptide ligands and membrane receptors that act as short-range signalling molecules (De Smet et al., 2009) .
To date, only a few secreted peptides acting as receptor ligands have been reported in plants (Butenko et al., 2009) . However, recent computational analyses of several model plant genomes have revealed the existence of a highly abundant class of small peptides. Of these, the cysteine-rich peptide (CRP) class is the most prominent and constitutes around 2% of all expressed genes in some species (Silverstein et al., 2005 (Silverstein et al., , 2007 . CRP-encoding genes are usually present in gene clusters located in discrete chromosomal regions that most likely originated as a result of successive rounds of gene duplications. The amino acid composition of cysteine-rich peptides is highly divergent between groups and across different species but they all share three common features: (i) small size (less than 160 amino acid residues), (ii) a conserved N-terminal region which includes a secretion peptide signal, and (iii) a C-terminal cysteine-rich domain usually containing 4-16 cysteine residues (Fig. 1) .
Over the past decade, various studies have emerged implicating members of the CRP class to be involved in a wide range of cellular signalling processes. In this review, the pivotal role that some of these CRPs play during the plant life cycle shall be highlighted, ranging from plant defence, plant-bacteria symbiosis, plant development and reproduction-including pollination, pollen tube guidance, attraction, and rupture ( Fig. 2) -as well as during seed development.
The role of CRPs in plant defence
Plants are continually confronted by harmful pathogensfungi and bacteria present in the environment, and from the direct attack of insects and herbivores. To combat such attacks, plants have developed numerous physical and chemical defence mechanisms. Physical barriers include alterations to external cuticle and cell wall constitution, as well as a hypersensitivity response that induces localized programmed cell death to prevent the spread of the pathogen (Schweizer, 2008) . Chemical responses include the release of reactive oxygen intermediates and antimicrobial metabolites and defence peptides. Antimicrobial peptides are highly abundant in plants where they provide resistance to a broad spectrum of plant pathogens, and are characteristically small, cationic, cysteine-rich, and secreted (Hammami et al., 2009) . Improved gene annotation programmes have led to the identification of a significant number of previously unannotated genes encoding putative antimicrobial peptides across diverse dicotyledonous and monocotyledonous plant species, constituting an estimated 2-3% of the total genic sequences (Silverstein et al., 2007) . Amongst these are the lipid transfer proteins, knottins, thionins, heveins, snakins, and defensins. Plant defensins are small proteins (less than 5 kDa in size) and comprise a particularly important class of antimicrobial peptides conferring a broad spectrum of resistance in planta. Defensins typically possess a conserved signal peptide, which constitutes the first exon, while mature peptides vary significantly, with only the c-core and CSab motif being common to all cysteine-containing defensins across kingdoms (Zhu et al., 2005) . Until recently, plant defensins were thought to belong to small gene families (Thomma et al., 2002) . However, the abundance of defensin-encoding genes had been greatly underestimated mostly due to their small nature. At present more than 300 defensin-like sequences (DEFLs) have been identified in Medicago (Graham et al., 2004) and another 300+ in Arabidopsis (Silverstein et al., 2007) . In Arabidopsis, the DEFLs exhibit either tissuespecific expression or can be induced locally by stresses such as pathogen attack or wounding (Broekaert et al., 1997) . Studies to understand the role of plant defensins were performed in Neurospora crassa; in vitro assays with the defensin-like RsAFP2 peptide from radish was shown to elicit a pathogen response and ion changes to the fungal membrane (Terras et al., 1992a, b) . This resulted in an increased K + efflux and Ca 2+ uptake, a change in the membrane potential, and a rapid alkalinization of the surrounding medium (Thevissen et al., 1996) . It is suggested that these defensins interact with membrane receptors, acting as signal molecules to ion channels. Certainly in other non-plant species, defensins can directly form ion-permeable channels (Spelbrink et al., 2004) , although no evidence of this has been found thus far in planta. 
The role of CRPs in plant-bacteria symbiosis
The relationship between plants and bacteria is not always a perilous one. Leguminous plant species such as beans, peas, and clover all undertake a symbiotic relationship with nitrogen-fixing bacteria from the Rhizobiaceae family, which requires a significant degree of communication between both organisms. Protruding haustoria-like structures invade the plant root creating an infection thread, which paves the way for a bacterial invasion. Nod factors released by the bacteria are recognized by the legume, and nodule organogenesis is initiated. The bacteria subsequently colonize the nodule, utilizing it as a powerhouse to reduce nitrogen and feed it into the host plant in the form of ammonium. Many cellular changes occur during nodulation including the creation of a membrane envelope surrounding the nitrogen-fixing bacteria. Several approaches have been used to identify nodule-specific genes in plants, many of which appear to encode CRPs. Research in pea identified a series of genes expressed sequentially throughout nodule development. Among these, two cysteine-rich genes coding for 6 kDa peptides, ENOD3 and ENOD14, are exclusively expressed during early nodulation, peaking in the symbiotic zone at 16 d, and falling once the bacterial nitrogenase, nifH, is first detected (Scheres et al., 1990a) . Although these peptides share only 55% homology at the amino acid level, the spatial distribution of the two pairs of cysteine residues is maintained (Scheres et al., 1990a) . This spacing is also observed in late nodulation genes N23 and N44 of soybean, although they do not exhibit homology in any other aspects (Richter et al., 1991) .
Genome-wide approaches have proved to be a more effective method of identifying large sets of nodulation genes by their expression, as exemplified in the model legume Medicago truncatula. Using heuristic computational algorithms (BLAST) on the Medicago gene expression database, over 300 nodule-specific CRPs termed NCRs have been identified in nodulating legumes (Mergaert et al., 2003; Graham et al., 2004) . These are structurally similar to the known nodule-specific genes of pea and soybean-they consist of a putative signal peptide, and again, despite a low sequence homology, they contain four highly conserved cysteine residues (Scheres et al., 1990b) . Incidentally, the same spatial distribution of cysteine pairs is also apparent in metal binding proteins. This provides a strong case for the function of these plant CRPs in binding metals for the invading bacteria, which are totally dependent on the host plant for nutrition and require metals for nitrogenase action as part of the symbiotic relationship.
There are striking similarities between nodule formation and pathogen responses-the invasion of a microorganism and the release of small CRPs by the host plant. One must therefore question the action of CRPs: are they all simply a form of antimicrobial proteins (AMPs), preventing other microorganisms from making opportunistic invasions? Or have they evolved specific functions? Transcriptional analysis in Medicago arbuscal mycorrhizal roots revealed the expression of a large number of CRPs restricted to the regions of the root system colonized by three different mycorrhizal fungi (Liu et al., 2007) . Liu and colleagues (2007) also noted induced changes in gene expression, including a functional defence response. By contrast, studies in pea roots infected with the fungal pathogen Fusarium oxysporum did not cause an up-regulation of defencerelated transcripts, suggesting that ENOD CRPs do not act in pathogen response, but play another role during symbiosis (Scheres et al., 1990a) . For instance, recent work has shown that nodule-specific CRPs can enter the bacterial membrane and manipulate the fate of endosymbiotic bacteria by suppressing bacterial reproduction and increasing ploidy levels ( Van de Velde et al., 2010) . Considering the accumulating evidence for the general involvement of CRPs in molecular signalling pathways, some nodule-specific CRPs might also act as potential candidates for coordinating nodule development. In support of this, the release of these CRPs in developing root nodules is mediated by a nodule-specific secretory pathway, which involves a signal peptidase complex (Van de Velde et al., 2010; Wang et al., 2010) . In addition, a receptor-like kinase identified in soybean nodule primordia has been shown to regulate nodule development (Miyahara et al., 2008) , adding more weight to the notion that this process is most likely mediated by receptor complex(es) involving the action of CRPs as ligands.
The diverse role of CRPs in plant development
Despite there being over 2000 putatively secreted peptides and membrane receptors identified in Arabidopsis, little is known about their functions and interactions. Large-scale genome studies have indicated that over 400 of these constitute previously unidentified AMP-like CRPs (Silverstein et al., 2007) . The identification of CRP signalling components within specific physiological or developmental pathways is proving extremely difficult due to their low-molecular-mass (<15 kDa), highly abundant nature, and hence high degree of redundancy. There is, however, accumulating evidence that CRPs may act as important secreted signalling peptides that mediate most aspects of plant biology.
CRPs and root development
Several secreted CRPs have been identified in the roots of higher plants. The RALF (Rapid Alkalinization Factor) genes encoding CRPs were first identified in tobacco (Pearce et al., 2001b) , and are also present in other species, such as sugarcane (Mingossi et al., 2010) and Arabidopsis (Olsen et al., 2002) . The addition of RALF peptides in in vitro assays resulted in a reduction of both root growth and nutrient uptake, suggesting that they are essential for root development (Pearce et al., 2001b) . One of these peptides, Arabidopsis AtRALF23, is processed from a larger 115 aa precursor into a ;12 kDa protein (52 aa) by the action of a subtilisin protease (AtS1P), and has been shown to be required for root elongation as well as for plant growth, where it counteracts some of the brassinosteroid growth-promoting effects. This suggests that, in addition to their role in root development, the RALFs may also regulate basic aspects of plant development (Srivastava et al., 2009) . RALF peptides carry four highly conserved cysteine residues and structural analysis of tomato RALFs have demonstrated that the formation of disulphide bridges between the cysteine residues are essential for correct protein conformation. Reduction of these disulphide bonds by iodoacetamide, render the peptide inactive in alkalinization assays (Pearce et al., 2001a) . Previously used to identify tobacco systemin peptides, alkalinization assays, have indicated that RALFs might act as signalling peptides binding to a cell surface receptor and causing alkalinization of the surrounding medium (Pearce et al., 2001b) . This marked increase in pH is a receptor-mediated response, resulting from the inhibition of a membrane bound proton ATP-ase. Such rapid alkalinization can be suppressed by suramin (a polyanionic compound that dissociates ligand-receptor interactions), thus reinforcing the view that RALF activity is receptor-mediated (Scheer et al., 2005) . Further evidence that these peptides are likely to be involved in signalling cascades have been documented by the fast activation of MAP kinases by RALFs. Chemical kinetic analysis of a photoaffinity analogue of a tomato RALF revealed a single binding site on the cell surface, with a dissociation value of 0.8310 À9 M, typical of a peptide-ligand interaction (Scheer et al., 2005) . Furthermore, an association with a 25 kDa and a 120 kDa protein was observed, which could not be solubilized from cell membranes, suggesting that the RALF-interacting proteins are integral cell membrane components and most likely part of a receptor complex (Scheer et al., 2005) .
CRPs and stomatal patterning
Receptor complexes play pivotal roles in a range of specific developmental processes. Stomata development is one of the most elegantly studied genetic systems involving a receptor complex in plants. Stomata are formed from the pores of two guard cells in the leaf epidermis and regulate gaseous exchange in the plant, balancing CO 2 uptake and transpiration. Stomata development initiates with an asymmetric division of leaf primordial cells, which produces a meristemoid and a sister cell-the former undergoing subsequent divisions to become guard cells. A receptormediated cell-cell communication network exists to regulate and maintain correct stomata density and patterning (Nadeau and Sack, 2002; Shpak et al., 2005) . In recent years, three CRPs have been found to be involved in controlling the number and position of epidermal cells that undergo the asymmetric division that eventually gives rise to stomata (Hara et al., 2009; Kondo et al., 2010; Sugano et al., 2010) . These peptides are antagonistic regulators of stomata formation. The Epidermal Patterning Factors (EPF), EPF1 and EPF2, are CRPs containing eight conserved cysteines, which control the number and position of the cells that undergo stomatal development. They form part of the TOO MANY MOUTHS (TMM) and ERECTA (ER), ERECTA-LIKE1 and ERECTA-LIKE2 signalling pathway (Shpak et al., 2005) , which control stomata density in Arabidopsis. EPF1 is expressed in the stomatal precursors and epf1 mutants show violations of the one-cell spacing rule for stomata, thus creating irregular clusters of stomata in the leaf epidermis (Hara et al., 2007) . Genetic analysis showed that this phenotype was dependent on functional TMM and ER, thus suggesting that EPF1 may diffuse from stomatal precursors where it is perceived by TMM and ER receptors in neighbouring cells, thus providing the necessary positional information to ensure that the correct plane of asymmetric division in the sister cell is achieved so that the new meristemoid is formed away from the pre-existing stomata. Unusually, despite the similarity between EPF1 and related EPF2 peptides, they are not functionally redundant (Hara et al., 2009) . Another CRP related to the EPF family, CHALLAH (CHAL), also regulates epidermal stomata patterning (Abrash and Bergmann, 2010) . Like EPFs, CHAL overlaps in function with TMM and ER and apparently represses stomata production through physical interaction with multiple receptors that have stomata-promoting or inhibitory functions (Abrash and Bergmann, 2010 ).
An additional novel CRP involved in the regulation of stomatal development has recently been characterized (Sugano et al., 2010) . This peptide, STOMAGEN, is epistatic to TMM and shown to be a positive regulator of stomatal development, thus acting in an opposite manner to that of the EPF peptides (Kondo et al., 2010; Sugano et al., 2010) . STOMAGEN is produced in sub-epidermal cells and is processed into a mature 43-amino acid peptide that is active at very low concentrations (Kondo et al., 2010; Sugano et al., 2010) . Collectively, these studies highlight the increasingly prominent role of CRPs as small diffusible molecules in short-range signalling. Future work will shed some light on the molecular basis of these interactions and may explain how the competitive binding of CRPs to receptors regulates stomata patterning in plants.
The role of CRPs in plant reproduction
Sexual reproduction in plants is a highly orchestrated process requiring a great deal of communication between male and female reproductive organs and gametic cells (Fig. 2) . The pollen carries the immobile male sperm cells from the anther to the receptive stigma, then unidirectionally along the pollen tract of the pistil until it reaches the female embryo sac where the sperm are released to fuse with the egg cell and central cell to form the seed embryo and endosperm, respectively. Each step of the process is regulated by strict checkpoint controls.
CRPs and self incompatibility
The first check point encountered by the male gametophyte is its reception at the stigma surface (Fig. 2) . Many species of flowering plants have evolved a method of preventing self-fertilization at this stage, known as self-incompatibility (SI). SI is pivotal for maintaining genetic diversity and it has been attributed to the successful evolution of angiosperms (Whitehouse, 1950) . SI determinants were first identified in Brassica through molecular cloning of the 'sterility locus' (S-locus), and are expressed in the stigma, pollen or anther. There are three S-locus derived proteins expressed on the stigma surface-S-locus glycoprotein (SLG), S-locus receptor-like kinase (SRK) (Stein et al., 1991) , and a membrane-anchored protein kinase, named M locus protein kinase (MLPK) (Murase et al., 2004) , and also one secreted by the anther and pollen coat-S-locus CRP (SCR) (Schopfer et al., 1999) or S-locus protein 11 (SP11) (Suzuki et al., 1999) . The latter CRP contains eight conserved cysteine residues and interacts with the two S-locus receptors present in the stigmatic membranes (Takayama et al., 2001) . Conversely, in poppies, it is the female determinant of SI that encodes a secreted CRP, in this case one containing four conserved cysteines and named S-Protein Homologue (Foote et al., 1994) and later renamed Papaver rhoeas stigma S-determinant (PrsS) (Wheeler et al., 2009) . When secreted by the papillae cells PrsS is able to interact with the Papaver rhoeas pollen S-determinant (PrpS), a novel small transmembrane protein expressed in pollen (Wheeler et al., 2009) . In vitro pollen tube growth assays first identified stigmatic candidate S-proteins that inhibited pollen tube growth. Interactions with incompatible pollen also activated downstream signalling events triggering programmed-cell death (Thomas and Franklin-Tong, 2004 ). Although it is not fully understood how S-proteins elicit these responses, in the case of PrpS, it is proposed that it could act as a calcium ion channel to initiate a calcium influx that causes PCD of the pollen tube (Wheeler et al., 2010) . These data are consistent with the emerging trend that CRPs can act as signalling ligands eliciting a variety of responses in planta.
CRPs in pollen tube growth and guidance
Once accepted onto the stigmatic surface, the compatible pollen grains hydrate and pollen tube formation is initiated (Fig. 2) . Three pollen-specific LRR receptor kinases identified in tomato, LePRK1, LePRK2, and LePRK3, have been shown to bind two different CRP ligands at specific stages of pollen tube growth. A small, pollen-specific CRP, Lat52, is necessary to achieve pollen germination in vitro and fertilization in vivo (Muschietti et al., 1994) . Before germination, Lat52 binds to LePRK1, whereas after pollen tube germination and prior to fertilization, Lat52 interacts with the extracellular domain of LePRK2 (Tang et al., 2002) . Several other CRPs from stigma/style libraries have also been shown to interact with LePRK2, among them, LeSTIG1, a CRP with sixteen cysteine residues. Pollen tube growth assays in vitro concluded that low concentrations of available LeSTIG1 were sufficient to promote pollen tube growth, thus implying that LeSTIG1 acts as a positive regulator, and not a directional cue (Tang et al., 2004) . Further, in vitro competition assays demonstrated dissociation of the Lat52-LePRK2 complex upon treatment with LeSTIG1, suggesting that LeSTIG1 outcompetes Lat52 for the extracellular binding domain of LePRK2. However, conclusive evidence for the action of LeSTIG1 in vivo is lacking.
It was initially thought that pollen tube guidance occurred via chemical gradient(s) produced by the female sporophytic and gametophytic reproductive structures (Mascarenhas, 1993) . Emerging molecular data, however, implicate a variety of other potential extracellular signals including lipids (Preuss et al., 1993) and c-aminobutyric acid (GABA) (Palanivelu et al., 2003) . During their unidirectional growth, pollen tubes must adhere to the transmitting tract epidermis. Several in vitro adhesion assays using stylar exudates from lillies led to the isolation of a small CRP belonging to the lipid-transfer protein class, which is necessary for pollen adhesion Park et al., 2000) . The protein, termed Small Cysteine Adhesion (SCA) consists of eight conserved cysteine residues, and is expressed specifically in the style and stigma of lilies . Functional analysis of a SCA-like protein (LTP5) in Arabidopsis suggests that these peptides are present in the pistil tube track where they render pollen tubes competent for perceiving further guidance signals released by the ovule (Chae et al., 2009) . Precisely what this process involves remains unknown.
Guidance cues from the ovule ensure that only one pollen tube enters the embryo sac and bursts to liberate the two sperm cells, which are subsequently delivered to the awaiting female gametes (Fig. 2) . Due to its unique protruding embryo sac structure, Torenia fournieri has been pivotal for studying this process in detail. Cell ablation experiments in this species have revealed that signals emitted by synergid cells are necessary for pollen tube attraction (Higashiyama et al., 2001) . Two CRPs (LURE1 and LURE2) with six conserved cysteines are expressed in synergid cells and have recently been identified as potential attractant molecules (Okuda et al., 2009) . Decreasing the abundance of these CRPs has a negative impact on the frequency of pollen tube attraction by the synergid cells, thus suggesting that these peptides are essential for pollen tube attraction (Okuda et al., 2009) . Moreover, these cues have been shown to act in a species preferential manner and, consequently, were not capable of attracting pollen tubes from the closely related species Lindernia micrantha.
Microarray analyses and genetic subtraction profiling using sterile mutants of Arabidopsis have identified over 200 genes with preferential expression in ovules (Johnston et al., 2007; Jones-Rhoades et al., 2007; Steffen et al., 2007) .
Many of these female gametophytic genes encode small CRPs of which over 50 are expressed exclusively in synergid cells (Jones-Rhoades et al., 2007; Punwani et al., 2007) . Moreover, these CRPs are transcriptionally regulated by MYB98, a synergid-specific transcription factor, and some have been localized to the synergid filiform apparatus. In myb98 mutants, fertilization is not achieved, hence these CRPs may act as signalling molecules allowing communication between the female gametophyte and approaching pollen tubes (Punwani et al., 2007 (Punwani et al., , 2008 . The recent discoveries of receptor-like kinases ANXUR1/2 (BoissonDernier et al., 2009) , showing preferential expression in the pollen, and synergid-specific FERONIA (Escobar-Restrepo et al., 2007) , which are required for pollen tube rupture perhaps provides the best evidence for the existence of receptor-ligand signalling between synergids and pollen tubes. However, it remains to be determined whether any of the synergid-and/or pollen-specific CRPs act as potential ligands in the ANXUR/FERONIA complex(es). In addition, it has been shown that, at least in maize pollen tubes, rupture also involves the activity of ion pumps. Low concentrations of a chemically synthesized maize CRP, ZmES4, were sufficient to cause rupture of the pollen tube tip within seconds of application, a process probably mediated by the activity of the potassium channel KZM1 (Amien et al., 2010) . Similar to the LUREs, ZmES4 has been shown to exhibit species preferentiality.
CRPs and seed development
Evidence for CRP expression in female gametes has been gained by transcriptomic analyses from isolated egg cells and central cells in maize and wheat (Dresselhaus et al., 1994; Kumhlehn et al., 2001; Le et al., 2005; Sprunck et al., 2005; Yang et al., 2006) . More recently, a transcriptomic analysis of individual cells of the Arabidopsis female gametophyte isolated by laser-capture microdissection coupled to microarray analysis has identified CRPs expressed in both female gametes (Wuest, 2010) . While genetic evidence is unfortunately lacking for the role of these female gametespecific CRPs, it is probable that they either play a role in gamete fusion and/or in communication between egg cell and central cell gametes before and/or after double fertilization. Not only must fertilization be a synergistic effort between gametes but also between both products of fertilization-the embryo and endosperm. Moreover, embryo and endosperm must also co-ordinate their growth with that of the surrounding maternal tissues. Steffen et al. (2007) identified a discrete number of CRPs that are expressed in Arabidopsis gametes and in the two products of fertilization, while a relatively greater proportion of CRPs are expressed in the developing zygote and endosperm alone. In maize, several CRPs are specifically and exclusively expressed in different domains of the endosperm. Some are expressed in the embryo-surrounding region and may have a role in regulating the transfer of nutrients and growth signals to the developing embryo (Magnard et al., 2000; Balandin et al., 2005) . Others are expressed in the endosperm transfer cell layer and are secreted to the maternal placento-chalazal region. These CRPs possess antifungal properties (Serna et al., 2001) and their function have been linked to pathogen defence during the vulnerable seed development phase of the plant life cycle. Another possibility is that these CRPs might favourably alter the membrane potential of transfer cells to allow for greater flow of nutrients or signals into the developing seed. At least in maize, an endosperm transfer cellspecific CRP (MEG1) that is paternally imprinted (i.e. solely expressed from the maternal genome) (Gutierrez-Marcos et al., 2004), appears to be required for correct transfer cell development and nutrient allocation to the growing seed (L Costa et al., unpublished data). In sum, although there is limited evidence for the role of seed-specific CRPs, it is likely that they are important factors in co-ordinating growth and developmental events within the seed.
Summary
In recent years, molecular genetic and biochemical studies, as well as improved computational analyses of sequenced genomes have collectively identified the CRPs as a highly abundant, divergent and important class of functional peptides present in the genomes of fungi, plants, and animals. Within the plant kingdom, their roles are relatively unexplored but, thus far, appear wide-ranging, acting in many facets of vegetative growth and reproductive development (summarized in Table 1 ). A striking feature of plant CRPs is their prominence in reproductive structuresmight this reflect their role in species isolation, both as prezygotic (as in the case of SI acting CRPs) and post-zygotic barriers? Improved genetic methods to dissect the role of CRP gene families within reproductive tissues, as well as studies of CRPs in different plant accessions and basal angiosperms should provide answers to this question.
Plant CRPs share common physical features: all are small, secreted, cationic, and contain cysteine-rich carboxy terminals (Fig. 1) . In addition, CRPs such as STOMAGEN and the RALFs appear to require processing from larger precursors in order to become biologically active-whether this process is required for all CRPs remains to be determined. Equally, future structural studies should address the consequences of altering the cysteine-rich domains on function specificity and degree of peptide activity attained.
Finally, despite the diverse roles of CRPs in plants, striking functional similarities do exist. In particular, CRPs play a significant role in host recognition signalling mechanisms, for instance during pathogen or fungal attack, plant-bacterial symbiosis and even during reproduction where invasive pollen tube growth through the female reproductive organs and delivery of the sperm cells to the embryo sac can be likened to microorganism attack. At present, it is not well known how these CRPs carry out their signalling functions, although data obtained largely through studies of self-incompatibility and stomatal development implicate CRPs as ligand molecules in receptor-mediated complexes. Despite the many known and predicted peptide ligands and transmembrane receptors, few receptor-ligand pairs have been determined. The next big challenge will be to demonstrate direct physical interactions between CRPs and transmembrane receptors.
